Abstract
In an equatorially symmetric closed-basin setting, unforced climate asymmetry develops due 23 to the advective circulation-salinity feedback that amplifies the asymmetry of the deep MOC cell 24 and the upper-ocean meridional salinity transport. It confines the deep-water production and the 25 dominant extratropical ocean heat release to a randomly selected hemisphere. The resultant 26 ocean heat transport (OHT) toward the hemisphere with the deep-water source is partially com-27 pensated by the atmospheric heat transport (AHT) across the equator via an asymmetric Hadley 28 circulation, setting the ITCZ in the hemisphere warmed by the ocean. In general, any continuous and finite variable can be decomposed into the sum of equatorial-164 ly symmetric and antisymmetric parts 2 . We use the set of long-term averages of symmetric or 165 antisymmetric field components from Exp1.0 and Exp1.0a to approximate the ensemble mean 166 9 control climate of a large number of closed-basin symmetric experiments. We present below 167 some fields of this symmetrized mean control state (averaged over the last 100 years of integra-168 tion) that are important for the analysis of asymmetries in the rest of the paper. 169
The surface ocean circulation (averaged over the top 100m) in The symmetry breaking and dominance of deep-water production in one hemisphere is caused by 196 the advective ocean circulation-salinity feedback (Stommel 1961; Rooth 1982 ). An increase of 197 surface salinity in the subpolar region of one hemisphere relative to the other causes a local in-198 tensification of deep-water production: this leads to export of an excess of deep water to the oth- Where the surface salinity has a large asymmetry in the extratropics, there is also a large 243 asymmetry in SST (contours in Figure 6 .a). It arises where strong anomalous surface currents 244 also cross the regions with a strong SST gradient in the control state (contours in Figure 3 The anomalous surface currents again produce the same two key regions of latent heat 365 flux anomalies (contours in Figure 9 .b) in the extratropics due to strong anomalous advection 366 across the regions with strong background SST gradient (contours in Figure 3 .a). The climate 367 response is similar to the asymmetry in Exp1.0a, but with a stronger magnitude (in the SH due to 368 a circumpolar current and in the NH due to a deeper main pycnocline). In Exp1.3 surface cooling 369 peaks in the southeast corner of the basin (contours in Figure 9 .a) because the strongest surface 370 current anomalies are there. The western boundary region around 40°S cools less because there 371 is northward advection of warmer water coming eastward through the circumpolar channel. This 372 water originates at lower latitudes on the western side of the basin. The surface wind asymmetry 373 in Figure 9 .b confirms that the NH (SH) becomes, in a thermal sense, the summer-like (winter-374 like) hemisphere with weaker (stronger) winds. The associated asymmetries in SAT, the jet 375 streams, the Hadley circulation, the components of ocean-atmosphere meridional energy 376 transport and the ITCZ all exhibit similar characteristics as in Exp1.0a, but with a stronger am-377 plitude because of the forced response. 378
The steady-state MOC streamfunction in Figure 10 (contours in Figure 10 ) shows the impact of anomalous northward upper-ocean salinity transport 381 (schematic red arrow in Figure 10 ). The SH upper ocean exports salinity to the NH and becomes 382 significantly fresher. In the NH, an intensified deep-water production sequesters the excess in 383 salt below the upper ocean primarily in the southward deep-water flow across the equator. 384
The surface and interior salinity asymmetry in Exp1.3 is also a direct product of the asym-385 metry in ocean circulation, because in the extratropics the asymmetry in precipitation (shading in 386 (contours in Figure 11 ). Therefore the local deep-water production cannot be reduced 
